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AJH 1994; 7:321-328

Blood Pressure in Navajo Indians and Its
Association With Type 2 Diabetes and Renal

and Cardiovascular
Wendy Hoy, Amy Light, and Donald Megill

1sease

In mid-1990 we evaluated blood pressure and its
associations in 366 nondiabetic adult Navajos and
400 Navajos with type 2 diabetes attending Indian
Health Service outpatient clinics in Tuba City, Ari-
zona. In nondiabetics, systolic blood pressure
(SBP) rose with increasing age while diastolic
blood pressure (DBP) fell; 13.4% had hypertension
by diagnosis or treatment. Female nondiabetics
had lower blood pressures than males. SBP and
DBP correlated with age, body mass index (BMI),
and urinary albumin excretion (UAE). Hyperten-
sion was associated with a sixfold increase in ne-
phropathy, a threefold increase in renal insuffi-
ciency, and an almost sixfold increase in cardiovas-
cular disease.

Diabetics had higher blood pressures than age-
and sex-matched nondiabetics; 58.4% had hyper-
tension by diagnosis or treatment, and, in spite of
widespread antihypertensive treatment, blood
Pressures in almost 50% were suboptimal from the
perspectives of cardiovascular and renal protection.
Blood pressures of female diabetics were similar to
those of males. Blood pressures correlated with
age, BMI, and increasing UAE. Rates of nephropa-
thy and cardiovascular disease were much higher
in diabetics than nondiabetics, and within the dia-

betic population hypertension was associated with
a greater than threefold increase in nephropathy,
an eightfold increase in renal insufficiency, a five-
fold increase in peripheral and cerebrovascular dis-
ease, and more than doubling of the rate of heart
disease.

The relationships of blood pressure to renal and
cardiovascular disease suggest similar mechanisms
in nondiabetics and diabetics, with diabetes con-
tributing an accentuated susceptibility. Albumin-
uria and cardiac disease are generated at “subhy-
pertensive” blood pressures, while established hy-
pertension appears to drive overt renal,
cerebrovascular, and peripheral vascular disease,
and to further increase heart disease risk. Assum-
ing a causal association, vigorous control of hyper-
tension should powerfully reduce renal, cerebro-
vascular, and peripheral vascular disease in the
Navajo population. Prevention of microalbumin-
uria and heart disease probably requires broadly
based risk factor modification in the entire com-
munity. Am ] Hypertens 1994;7:321-328
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merican Indians, like many populations

“in epidemiologic transition,”" are experi-

encing increasing rates of obesity, hyper-

tension, and type 2 diabetes that were al-
most nonexistent in their predecessors.”™> This syn-
drome is attributed to changes in diet and activity
superimposed on a genetic predisposition,® and is
mediated in part by insulin resistance or hyperinsu-
linemia.®” Complications are heart disease, stroke,
amputations, renal disease and renal failure, visual
impairment, and premature mortality.** In 1989, di-
abetes and hypertensive disease were the leading
causes of outpatient visits to the Indian Health Ser-
vice (IHS) for ages 45 to 64 years and 65+ years, and
circulatory disorders featured prominently.'® Death
rates from diabetes among Indians nationwide in
1987 were 2.4 times those of the U.S. aggregate.® Dis-
eases of the heart were the leading cause of death for
Indian males and females, at an adjusted rate of
142.8/100,000 (ratio to U.S. aggregate rates 0.8), and
cerebrovascular disease was the fourth leading cause.
Diabetics have the highest rates of these cardiovascu-
lar complications, but they are also increasing in non-
diabetics. 12

The Navajo Indians are the largest Native Ameri-
can tribe, with an estimated 1992 population of
201,583.'® Most live on the 25,000-square-mile Navajo
reservation, which encompasses parts of northwest-
ern New Mexico, northeastern Arizona, and south-
ern Utah. Of Athabascan origin, they are descended
from more recent trans-Bering migrations than the
Mesoamerican Indians of the Hohokum and Anasazi
cultures, and probably moved into the Southwest
within the last 400 years.’ Their population growth
rate is high (2.8% per year); 50.4% of Navajos are less
than 20 years old, and only 19.7% are 40 years of age
or older."”

Obesity, diabetes, hypertension, and cardiovascu-
lar disease were rare among Navajos in the 1930s,’
but are now major health problems. Navajos are be-
coming heavier and most adults are now over-
weight.?” Diabetes was detected in 17.2% of Navajos
aged 20 to 74 years in a regional 1989 to 1990 study,
2.5 times the rate of the general U.S. population.’®
Although normal blood pressures for Navajos have
not been defined, rates of hypertension by usual
standards are rising and it is especially common
among diabetics.'>?® Heart attacks have increased,
with an especially precipitous rise since the late
1970s,%1%?! and heart disease is now the leading
cause of death after accidents (73.7/100,000).'® Ampu-
tations have increased, at least among diabetics, to a
1987 rate similar to that of U.S. diabetics in general.’
Diabetic retinopathy is common.? Diabetic end stage
renal disease (ESRD) has risen dramatically,? with a
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compound annual increase of about 12% in new cases
coming to treatment from 1986 to 1990, and a crude
incidence rate in 1990 of 225 per million (pm) com-
pared with 33 pm for the U.S. aggregate for types 1
and 2 diabetes combined (W.E. Hoy, unpublished
data).'>*

In this report we describe blood pressures of Na-
vajo adult clinic patients, without and with type 2
diabetes, and evaluate its relationship to renal and
cardiovascular disease.

METHODS

In mid-1990, we collected information on more than
400 nondiabetic Navajo Indians attending Medical
Clinic at the IHS hospital in Tuba City, Arizona, and
on more than 400 Navajos with type 2 diabetes at-
tending Diabetes Clinic at the same facility. These
diabetics represent a third of the estimated 1200 dia-
betics at that Service Unit. Diabetes is diagnosed in
the THS by National Diabetes Data Group criteria,**
as measured on the annual physical examination rec-
ommended for all Indians = 18 years old. The first
eight subjects who attended the clinic each day were
included until the samples were complete. This re-
port focuses on subjects 20 years of age and older, 366
nondiabetics and 400 diabetics. ESRD patients,
whose care is largely rendered in the dialysis unit,
were not among the study subjects.

We recorded blood pressure and weight at that
visit, measured albumin concentration on a random
urine specimen, and reviewed every medical record.
Urinary albumin levels were measured with the por-
table Beckman Immunochemistry System (ICS), by a
nephelometric technique using monoclonal antialbu-
min antibody, which is sensitive to albumin concen-
trations as low as 1 mg/L (1 pg/mL). Creatinine con-
centrations were measured by autoanalyzer on the
same urine specimen. The albumin/creatinine ratio
on a random urine sample has been validated as an
epidemiologic tool in several population-based stud-
ies of renal disease.”>>! This ratio rarely exceeds 10
mg/g in healthy young normal subjects,”® with a me-
dian of 6 mg/g (Endocrine Sciences), but levels < 20
mg/g are considered potentially normal. Levels of 20
to 299 mg/g, or “microalbuminuria,” indicate abnor-
mal glomerular permeability or early renal disease,
which predicts clinical nephropathy in type 2 diabet-
ics®*? and predicts increased cardiovascular mortal-
ity in diabetics and nondiabetics.’>®° Levels = 300
mg/g, or "overt” albuminuria, indicate established
nephropathy; a protein/creatinine ratio = 1000 mg/g in
Pima diabetics has been termed “florid nephropa-
thy,” and predicts ESRD and a 16-fold increase in
renal failure deaths, as well as a 2.5-fold increase in



AJH-APRIL 1994-VOL. 7, NO. 4, PART 1

cardiovascular deaths, and a 50% mortality rate
within 5 years.®

The following information was derived from the
medical records: demographic data, formal diagnoses
by the health care provider of diabetes and hyperten-
sion,**¥ diagnoses of renal and genitourinary dis-
ease, medications, height, serum creatinine levels, di-
agnosis of, or event compatible with, ischemic cardiac
disease (angina, congestive heart failure, myocardial
infarction, compatible EKG changes), cerebrovascular
disease (transient ischemic attacks, stroke), and pe-
ripheral vascular disease (eg, ischemia, claudication,
ulcers, amputations). Date of diagnosis of diabetes
and presence of retinopathy and neuropathy were
recorded for diabetics. Nondiabetics and diabetics
were compared in three age-matched categories: 20 to
39 years, 40 to 59 years, and 60+ years.

Data were entered into an EPI-INFO program and
analyzed by the Statistical Analysis System. Pro-
portional data were compared using the Man-
tel-Haenszel weighted odds ratio with Cornfield
95% confidence intervals. Univariate correlations
were evaluated using both Pearson and Kendall 7
coefficients.

Full confidentiality was maintained in the execu-
tion of this study and analysis of its results. Subjects
are identified only in aggregate and no personal de-
scriptors are used.

RESULTS

Study Subjects The female/male ratio was 1.55:1 for
nondiabetics, and 1.35:1 for diabetics. Nondiabetics
were 20 to 88 years old, mean 42.1 + 14.0 years, and
diabetics were 20 to 98 years old, mean 56.9 + 12.9
years. The median and mean ages of nondiabetics
and diabetics were matched within 2 years for each of
the three age groups.

The mean body mass index (BMI) of nondiabetics
was 28.0 * 5.6 kg/m?, the mean percent of “ideal”
body weight was 116 % 24% (percent of NCHS age-
and sex-specific median values), and the gercent
“obese” 40.9% (=120% of ideal body weight®®). The
mean BMI of diabetics was 29.5 + 5.1 kg/m?, mean
percent of ideal BMI 117 % 21%, and proportion
obese, 38.9%. Diabetic women were heavier than
nondiabetic women in the 20 to 39 year age group,
33.9 + 7.7v27.9 *+ 6.9 kg/m* (P = .02), and in the 40
to 59 year age group, 31.4 = 5.5v28.5 * 4.1 kg/m? (P
< .05), but there were no differences between dia-
betic and nondiabetic older women, nor in men in
any age group.

The mean age at diagnosis in diabetics was 49.3 +
12.9 years, and mean time since diagnosis was 8.0 *
6.3 years. Almost half had diabetes for less than 5
years, and almost two-thirds for less than 10 years.
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Observations Table 1 shows the blood pressure
profiles of study subjects. Women without diabetes
had lower systolic (SBP) and diastolic (DBP) blood
pressures than men, and lower rates of elevated SBP,
DBP, and all forms of “hypertension.” These differ-
entials became less marked with increasing age, as
SBP and rates of hypertension rose more prominently
with age in women than in men. Rates of elevated
DBP fell after middle age in both sexes.

Mean SBP and DBP in female diabetics, however,
were similar to those of diabetic men, and all defini-
tions of hypertension, except for elevated DBP, oc-
curred with similar frequency in diabetic women
and men. Diabetics had higher blood pressures than
nondiabetics, and much higher rates of hyperten-
sion. Almost 50% of diabetics had elevated SBP or
DBP, or both, indicating “suspected” or inadequately
treated hypertension.??” Fifty-eight point four per-
cent of diabetics had “confirmed” hypertension by
diagnosis or treatment, and 68.4% had confirmed or
suspected hypertension. An increased risk of diabet-
ics for hypertension persisted when controlled for
BMI.

Antihypertensive drugs were prescribed for 9.8%
of nondiabetics and 46.3% of diabetics. Of diabetics
receiving antihypertensive drugs, 65.6% were receiv-
ing diuretics, 47.9% were receiving 8-blockers, 38.5%
were receiving angiotensin converting enzyme inhib-
itors, and 17.7% were receiving other agents. Many
subjects were receiving more than one agent: 17.7%
were receiving diuretics and B-blockers in combina-
tion. The prescriptions for hypertensive nondiabetics
were similarly distributed.

Table 2 shows that urinary albumin excretion
(UAE) was higher in diabetics than nondiabetics,
with rising risk as the intensity of albuminuria in-
creased, and no differences between men and
women. The increased risk of diabetics for elevated
UAE persisted after controlling for blood pressure
levels. Presumed elevation of serum creatinine {(=1.2
mg/dL in women and =1.4 mg/dL in men) was more
common in diabetics, and the partial protection evi-
denced in female nondiabetics was erased. These cre-
atinine levels correspond approximately to creatinine
clearances of 53 mL/min for women and 65 mL/min
for men, using the Cockcroft Gault formula,®*° and
are reasonable definitions of suspected renal insuffi-
ciency. Rates of albuminuria and renal insufficiency
were not substantially altered by exclusion of subjects
with “genitourinary” diagnoses, including urinary
tract infections.

Cardiovascular disease was less common in female
nondiabetics than in males. Rates were much higher
in diabetics, and the differential between female and
male rates was reduced. '
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CLUDES SUBJECTS
BLE 1. BLOOD PRESSURE AND RATES OF HYPERTENSION IN NAVAJO ADULTS (IN
™ ON ANTIHYPERTENSIVE MEDICATION)

Nondiabetics Diabetics Adjusted O.R.
Age Dlabetl-cs v
Group Female Male Female Male Nondiabetics (CI)
SBP (mm Hg) 20-39 118 = 14 129 + 14 131 = 12* 135 = 14**
mean * SD 40-59 124 =13 125 + 15 134 = 19* 137 + 20*
60+ 130 + 18 137 = 17 141 = 17* 139 = 21
All 121 =15 129 £ 15 137 = 18 138 = 20
DBP (mm Hg) 20-39 69 £ 11 76 = 11 84 + 14* 83 + 12*
mean * SD 40-59 74 * 10 79 + 13 79 = 12* 83 = 12
60+ 739 739 75 =10 77 £ 10
All 71 =11 77 £ 11 78 = 12 81 = 12
Percentage with 20-39 5.6 30.4 29.4* 33.3 Women 3.7 (2.2-6.9)
SBP = 140 mm Hg 40-59 15 14.8 34.9* 44.4* Men 2.3 (1.3-4.0)
60+ 25.0 35.0 53.6* 43.1 All 3.1 (2.14.5)
All 11.5 25.2 433 42.5
Percentage with 20-39 3.7 17.4 35.3* 28.6 Women 8.2 (3.2-2.9)
DBP = 90 mm Hg 40-59 4.1 20.4 19.8* 28.4 Men 1.7 (0.9-3.4)
60 + 0 5.0 4.5 11.3 All 3.1 (1.9-5.6)
All 3.2 16.8 13.7 21.4
Percentage with 20-39 9.3 31.9 41.2* 47.6 Women 4.4 (2.6-7.9)
SBP = 140 and/or 40-59 13.5 27.8 40.6* 48.2% Men 2.1 (1.2-3.6)
DBP = 90 mm Hg 60+ 25.0 35.0 55.5* 45.8 All 3.1 (2.1-4.5)
All 13.3 30.8 49.8 47.1
Percentage with 20-39 3.6 11.6 4.4 61.9* Women 7.1 (4.3-14.0)
hypertension by 40-59 12.0 29.6 47.7* 65.9* Men 6.2 (3.6-11.7)
diagnosis and/or 60+ 21.6 20.0 61.3* 63.9* All 6.5 (4.7-10.4)
treatment All 9.4 19.6 53.8 64.6
Percentage with 20-39 10.8 34.8 50.0* 61.9* Women 6.4 (3.9-10.7)
hypertension by 40-59 18.7 40.7 61.7* 73.2* Men 3.2 (1.9-5.5)
diagnosis, treatment, 60+ 37.8 50.0 75.7%* 68.1 All 4.7 (3.3-6.7)
SBP = 140, or All 17.9 39.2 67.4 69.7
DBP = 90 mm Hg
*P < .01 for significance of difference from age- and sex-matched nondiabetics.
**P < .05 for significance of difference from age- and sex-matched nondiabetics.
ClI, confidence interval; DBP, diastolic blood pressure; SBP, systolic blood pressure,
Cor.relations‘» Un'ivafiate analysis showed the fol- 0.21, P = .0001}, with age (r = 0.35, p = .0001),
lowing relationships in nondiabetics: and witg log UAE (r = 0.24, P = 0001, all Pear-
. . icients
1) SBP with DBP (r = 0.6, P = .0001), with age (r = Som coel e _
0.24, P = 0001), and with BMI, (r = 018, p = 2 DBD withSEPasabove, with BMI (x = 0.24, p =
.068), Pearson coefficients; and with UAE (r = -0001), wit _%505 P _(r = 0.22, P = .0001), and
0.14, P = .0001), Kendall 7 coefficient. withage (r = 0.05, P = .03), Pearson coefficients.

2) DBP with SBP as above, with age (r = 0.17, P =
.0001), Pearson coefficients; and with UAE (r =
0.15, P = .0001), Kendall 7 coefficient.

Table 3 shows the associations of “confirmed” hy-

pertension with albuminuria, overt nephropathy
and cardiovascular disease in nondjabetics and dia:

Univariate analysis showed the following relation- l;et%cs, and Wi:ll.l ;ettiinopﬁthy and neuropathy in dia-
ships in diabetics: etics. In nondiabetics, hypertension was associated
with a 3.4-fold increase in albuminuria, a sixfold in-

1) SBP with DBP (r = 0.6, P = .0002), with BMI(r = crease in overt albuminuria, and a threefold i ncrease
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TABLE 2. ALBUMINURIA, RENAL DISEASE, AND CARDIOVASCULAR DISEASE IN NAVAJO ADULTS

Nondiabetics (%)

Diabetics (%) Adjusted O.R.

Age Diabetics v
Group Women Men Women Men Nondiabetics (CI)
Renal dysfunction
Albuminuria 20-39 12.3 15.3 41.4 50.0 Women 4.4 (2.7-8.0)
=20 mg/g 40-59 15.0 25.0 61.8 45.8 Men 3.5 (1.9-6.9)
60 + 38.7 21.4 54.6 58.4 All 41 (2.8-6.3)
All 17.6 19.8 56.7 51.1
=300 mg/g All 2.7 1.7 12.3 13.5 All 6.0 (2.2-15.5)
21000 mg/g All 0.5 0 5.6 5.5 All 9.4 (1.8-349)
High creatinine* All 3.2 5.6 11.3 9.8 All 2.6 (0.8-7.9
Cardiovascular disease
All categories 20-39 0.9 29 5.6 4.8 Women 7.1 (2.8-20.2)
40-59 1.3 7.4 23.4 36.6 Men 5.8 (2.5-12.7)
60 + 10.8 20.0 4.2 58.3 All 6.5 (3.5-11.6)
All 2.7 7.0 27.1 41.7
Cardiac All 2.7 5.6 22.0 29.7 All 5.2 (2.7-9.9)
Peripheral vascular All 0 0.7 3.0 5.2 All 6.4 (0.9-143)
Cerebrovascular All 0 0.7 2.1 6.3 All 9.0 (1.1-172)

*Serum creatinine = 1.2 mg/dL in women, = 1.4 mg/dL in men,
ClI, confidence interval.

in probable renal insufficiency. Nondiabetics without
hypertension had little heart disease and no cerebro-
vascular or peripheral vascular disease; hypertension
was associated with a 6.4-fold increase in cardiovas-
cular disease overall, and a greater than fourfold in-
crease in cardiac disease. Hypertension by the other
definitions in Table 1 correlated similarly.

Forty percent of diabetics without confirmed hy-
pertension had microalbuminuria. Hypertension was
associated with only a minimal increase in rates of
microalbuminuria, but rates of overt albuminuria

were increased almost threefold, and serum creati-
nine elevations were increased almost eightfold. Hy-
pertension was also associated with a threefold in-
crease in cardiac disease, while cerebrovascular and
peripheral vascular disease were increased more than
fivefold. Retinopathy risk was doubled but an appar-
ent increase in neuropathy was not significant.
Table 4 shows that hypertension and elevated UAE
were established in more than half the diabetics in the
early years of diagnosed disease, and cardiovascular
disease in more than one-fifth. Rates rose modestly

TABLE 3. HYPERTENSION AND ITS ASSOCIATIONS IN NAVAJO ADULTS

Nondiabetics Diabetics
OR for OR for
Hypertensives v Hypertensives v
Nonhypertensive Hypertensive Nenhypertensives Nonhypertensive Hypertensive Nonhypertensives
(%) (%) (CD (%) (%) (CL)
UAE = 20 mg/lg 14.1 35.7 3.4(1.6-7.2) 46.5 60.2 1.9 (1.2-3.1)
UAE = 300 mg/g 1.6 4.8 6.1 (1.3-2.8) 6.3 17.5 3.2 (1.43.1)
Elevated serum 2.9 8.7 3.2 (0.7-13.9) 2.4 16.3 8.0 (2.7-26.9)
creatinine
Cardiovascular
disease
All 2.5 14.0 6.4 (2.0-20.1) 18.7 39.4 2.8 (1.7-4.6)
Cardiac 2.5 10.0 4.4 (1.2-15.2) 16.4 32.0 2.4 (1.44.0)
Peripheral 0 2.0 Undefined 1.2 5.8 5.2 (1.1-33.7)
Cerebral 0 2.0 Undefined 1.2 5.4 5.2 (1.1-33.7)
Retinopathy N/A N/A 31.0 47.3 1.9 (1.1-3.4)
Neuropathy N/A N/A 23.8 31.5 1.6 (0.9-2.8)

NA, not applicable; UAE, urinary albumin excretion.
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with increasing duration of diabetes. Rates of retinop-
athy and neuropathy, however, were low in the early
stages of recognized diabetes and rose impressively
with increasing disease duration.

DISCUSSION

Several methodologic issues influence the findings in
this study. A cohort effect due to changing health
patterns in the Navajo confounds interpretation of
age-related trends, and a survivor effect masks the
full impact of severe hypertension, overt nephropa-
thy, and cardiovascular disease on the Navajo popu-
lation. Cardiovascular disease is further underesti-
mated by the insensitive method of ascertainment,
and renal disease by exclusion of treated ESRD pa-
tients from the study population.

It is probable that blood pressures and morbidities
in the nondiabetic clinic patients studied here exceed
those in the general Navajo population, but the rela-
tionships of variables within that population and
comparisons with matched diabetics are instructive.
The diabetics are probably more representative of the
entire diabetic population in that area.

The association of diabetes with hypertension by
any of several definitions was dramatic; most diabet-
ics were hypertensive, even in the earliest years of
diagnosed disease. Rates of hypertension in diabetics
were much higher than the 31.2% estimated from a
1986 to 1987 review of Ambulatory Patient Care Cod-
ings,*! but compatible with a 1989 study of diabetic
Navajos by record review (54.9% in males and 47.5%
in females).?® Elevated blood pressures in almost half
the diabetics, in spite of widespread antihypertensive
treatment, indicate opportunities for intensified sur-
veillance and therapy, according to guidelines for
minimizing cardiovascular and renal disease risk.*-*’

The high rates of overt albuminuria and renal in-
sufficiency in Navajo diabetics, although under-
stated, are compatible with Navajo ESRD data. The
high rates and marked segregation of cardiovascular
disease within the diabetic population are consistent
with other observations; most amputations and prob-
ably more than half the fatal heart attacks in Navajos

TABLE 4. TIME SINCE DIABETES DIAGNOSIS AND

MORBIDITY RATES
Time Since Diagnosis of
Diabetes (%)

<5 yr 5-9yr 10+ P
Hypertension, confirmed 50.9 57.0 65.7 01
Hypertension, confirmed 62.0 66.7 74.8 .06

and suspected

Albuminuria = 20 mg/g 50.4 45.8 64.8 .02
Cardiovascular disease 21.5 31.2 38.2 <.001
Retinopathy 15.1 37.3 71.8 <.001
Neuropathy 17.7 25.0 42.5 <.001
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now occur in the diabetic minority.”!? Pima Indians
show a similar phenomenon with nearly all fatal isch-
emic heart disease and amputations confined to the
diabetic population.'!*?

Blood pressures in nondiabetic women suggest a
protective effect that declines with age; therein prob-
ably lies their relative protection against cardiovascu-
lar disease and their partial protection against most
common forms of chronic renal failure.!* This protec-
tive effect is reduced in women with diabetes, a phe-
nomenon that probably contributes to “‘masculiniza-
tion”” of their cardiovascular risk.!"**** The same
phenomenon might also determine the equal suscep-
tibility of female and male Indian diabetics to diabetic
nephropathy, which is reflected in our data, con-
firmed in Pima diabetics,**® and inferred by the fe-
male dominance in the Indian diabetic ESRD popu-
lation nationwide.?® Long-standing insulin resistance
that antedates and accompanies the diabetic state
might underlie this masculinizing effect.”

The strong association of hypertension with ne-
phropathy in diabetics and nondiabetics probably has
primary and secondary components. A major causal
role, however, is supported in Pima diabetics by the
strong predictive value of blood pressure levels for
the progression of albuminuria and of hypertension
for the development of ESRD,**>#® and, in the
broader population, by the adverse influence of hy-
pertension and the salutary effects of effective blood
pressure control on the progression of nondiabetic
and diabetic nephropathies.**® An even greater im-
pact of hypertension on the population as a whole is
probably mediated through its dramatic association
with the more prevalent cardiovascular disease, in
both nondiabetics and diabetics.

While “confirmed”” hypertension demarcates high-
risk status for peripheral and cerebrovascular disease
and for renal insufficiency in nondiabetics and dia-
betics, cardiac disease and microalbuminuria occur
with significant frequency in “nonhypertensive” sub-
jects. This implies that these morbidities are gener-
ated by blood pressures below this arbitrary level and
by other factors as well. Likewise, retinopathy in di-
abetics is often associated with blood pressures below
this arbitrary limit.

The presence of hypertension, microalbuminuria,
and cardiovascular disease in a proportion of nondi-
abetic Navajos (unrecognized diabetics and glucose-
intolerant subjects notwithstanding), and their prev-
alence during the earliest years of recognized diabe-
tes (acknowledging the underestimate), suggest that
these conditions are generated in the prediabetic, in-
sulin-resistant state, as others have proposed.®**>!
Parallels with Syndrome X in the broader population
are striking.”» The proposed inclusion of microal-
buminuria in the constellation is novel, but worth
further evaluation, in view of the relationship of mi-
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croalbuminuria to hypertension and cardiovascular
risk in the general population.>*3%*> Retinopathy
and neuropathy are probably more specific complica-
tions of the hyperglycemic state.

Reversal or prevention of hypertension should re-
duce future burdens of nephropathy and ESRD as
well as cardiovascular disease in diabetics and non-
diabetics. Our data predict more striking effects on
stroke and peripheral vascular disease than on heart
disease, compatible with results in other trials.> The
prevention of heart disease, and prevention or rever-
sal of albuminuria, probably require the modulation
of “subhypertensive” blood pressures and metabolic
profiles in the broader community, with population-
based health promotion strategies.
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